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Abstract 
Transglutaminase is an enzyme used as food additive to improve the textural properties of proteinaceous foods. The 
biotechnology industry demands raw materials to prepare growth media for fermentative processes. Non-commercial 
potatoes are agricultural wastes that can be hydrolysated to be used as substrate for the biotechnological production of 
transglutaminase. The cost of culture media has a great effect on the final price of the enzyme. This work deals with 
the design of a plant for transglutaminase production from potatoes and the simulation of the process to evaluate its 
feasibility. The software “SuperPro designer” was used to simulate the plant. The process is based on our previous 
works (patent by USC). The designed process includes the following main steps: 1) acid hydrolysis of potato to 
obtain sugar solutions; 2) fermentation by Streptomyces mobaraensis; 3) freeze drying to obtain a food additives 
containing transglutaminase. The simulation showed that a small plant with a production rate of 2700 kg/yr of food 
additives containing 100 U/g of transglutaminase is feasible. A total capital investment of $5.4 million was required 
for construction of a processing, fermentation and recovery plant that would obtain transglutaminase from the potato 
wastes. Annual operational costs amounted to $1.1 millions for a lifespan of 15 years. The simulation program has 
detected a bottleneck in the fermentation step, being the bioreactor the limiting equipment. The main raw material, 
potato, contributed to the overall bulk material cost with only an 18%. The nutrients needed for the fermentation had 
the main contribution to the overall bulk material cost, being 45%. The profitability analysis showed a payback time 
of 5 years. The results obtained show that simulation tools are very useful for evaluate the industrial production of 
biotechnological food additives. The industrial production of transglutaminase by Streptomyces mobaraensis from 
potato can be a feasible alternative 
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1. Introduction 
Transglutaminase (R-glutaminyl-peptide: amine Ȗ-glutamyltransferase (EC 2.3.2.13) is an enzyme that 
catalyses an acyl transfer reaction between Ȗ-carboxiamide groups of glutamine residues and İ-amino 
groups of lysine residues. Food industry takes advantage of this fact to improve mechanical and textural 
properties of protein foods like fish and meat restructured products [1].  
The endogenous transglutaminase enzyme is used in fish muscle proteins to form a translucent and 
highly deformable gel after being solubilized with salt when incubated below 40 ºC. This phenomenon is 
called setting. Some microorganisms also produce the enzyme transglutaminase. Both endogenous and 
microbial transglutaminase show similar optimal temperature for inducing setting in tropical fish species 
(40 ºC) because this temperature is optimal for myosin denaturation [2]. 
This enzyme is used in food technology to restructure proteinaceous foods such as meat and fish 
products. Furthermore, stability, water binding, mechanical and textural properties can be enhanced [3,4]. 
The increasing demand for vegetarian food, the utilisation of novel proteins as functional ingredients from 
soy, peas, sesame and sunflower open new horizons for transglutaminase applications [5]. 
Microbial transglutaminase is considered an efficient but expensive additive for binding muscle 
proteins to produce restructured products. Streptomyces mobaraensis is the main source of microbial 
transglutaminase. This microbial transglutaminase is extracellular and Ca2+-independent [2].  
Biotechnology industries demand cheap raw materials to prepare growth media. These media can 
contain glucose as carbon source. Téllez-Luis et al. [6] studied the transglutaminase production on 
hydrolysates of sorghum straw, obtaining up to 0.348 U/mL. A high transglutaminase activity (0.725 
U/mL) was obtained using glycerol (1,2,3-propanetriol or glycerine) as carbon source by Téllez-Luis et
al. [7], corroborating previous results about the beneficial effect of glycerol and casein on the production 
of transglutaminase by S. ladakanum. However, glycerol is a chemical with a high cost (approx. 20 $ per 
L) and it is interest to find alternative raw materials of low cost for preparing fermentation media. One of 
these materials can be starch with a cost lower [8-11], which can be obtained from potato, an abundant 
source of starch.  
Computer simulation has been used in the chemical and petrochemical industries since the early 1960s. 
Simulators for these industries have been designed to model continuous processes and their transient 
behavior for process control purposes. Most food and biotechnological industries, however, are produced 
in batch and semi-continuous modes. Such processes are best modeled with batch process simulators that 
account for time-dependency and sequencing of events. Batches from Batch Process Technologies, Inc. 
(West Lafayette, IN) was the first simulator specific to batch processing. It was commercialized in the 
mid 1980s. In the mid 1990s, Aspen Technology (Burlington, MA) introduced Batch Plus, a recipe-driven 
simulator that targeted batch pharmaceutical processes. Around the same time, Intelligen, Inc. (Scotch 
Plains, NJ) introduced SuperPro Designer. The initial focus of SuperPro was on bioprocessing. Over the 
years, its scope has been expanded to include modeling of pharmaceutical and food manufacturing 
processes. 
During process development, process simulators are used to facilitate the following tasks: represent the 
entire process on the computer, perform material and energy balances; estimate the size of equipment; 
calculate demand for labor and utilities as a function of time; estimate the cycle time of the process; 
perform cost analysis; assess the environmental impact. The availability of a good computer based model 
improves the understanding of the entire process by the team members and facilitates communication. 
What-if and sensitivity analyses are greatly facilitated by such tools. 
The aim of this work was to elucidate using computer simulation if the biotechnological production of 
transglutaminase by Streptomyces mobaraensis growing on media made from hydrolysates of potato is 
feasible.  
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2. Materials & Methods 
The process simulated is based on our previous works. The overall idea can be found in our patent 
registered in the Spanish Agency of Patents and Trademarks (23/10/1998, P20083006), entitled “Food 
additive obtained by fermentation containing the enzyme transglutaminase from acid hydrolizates of 
potato.  
SuperPro designer V7.5, a software tool from Intelligen Inc. (NJ), has been used for simulation 
purpose (www.intelligen.com). 
 
3. Results & Discussion 
A process for processing 200 kg potato/batch, based on a plant batch time of 103 h and on an operating 
time of 2979 h/year was designed. Figure 1 shows the process flowsheet of the biotechnological 
production of microbial transglutaminase from potato. For compression purposes the plant has been 
divided in three sections. The first deals with the potato acid hydrolysis to obtain glucose solutions. The 
second deals with the fermentation of the glucose solution by Streptomyces mobaraensis to obtain 
extracellular transglutaminase. The last deals with the recovery of transglutaminase from the media and 
stabilization by freeze-dry.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Flowsheet of the transglutaminase plant proposed 
The sequence of steps in the production of transglutaminase can be easily understood using a Gantt 
chart (see Figure 2). The simulation program has detected a scheduling bottleneck in the fermentation 
step being the bioreactor the limiting equipment. 
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Fig. 2. Gant chart of the transglutaminase process 
 
The simulation showed that a small plant with a production rate of 2700 kg/yr of food additives 
containing 100 U/g of transglutaminase is feasible. A total capital investment of $5.4 million was required 
for construction of a processing, fermentation and recovery plant that would obtain transglutaminase from 
the potato wastes. Annual operational costs amounted to $1.1 millions for a lifespan of 15 years. Table 1 
shows the bulk raw material requirements. The plant proposed can process 8000 kg of potato per year.  
 
Table 1. Bulk raw material requirements 
Material                            kg/yr        kg/batch       
Potato 8,000 200 
Sulphuric acid 2.5%           16,574          414.3 
Water                                  400 10.0 
Sodium Hydroxide             60 1.5 
CaCO3                                3,200 80 
Nutrients                            6,000 150 
S. mobaraensis starter        578        14.450 
Bags     21      0.530            
 
 
 
Table 2 shows the cost associated to each raw material. The higher amount in the overall raw material 
cost was the nutrients used in the fermentation of potato hydrolyzates (45.43%) and the CaCO3 used in the 
operation of neutralization (24.23%), being the contribution of the main raw material, potato, only 
18.17%. This finding indicates that will be useful to design an alternative process using low-cost natural 
nutrients for the fermentation.   
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Table 2. Annual Material cost for the process. 
Bulk Material                  $/kg kg                   ($)     % 
Potato 0.150            8,000           1,200            18.17 
Sulphuric acid, 2.5%         0.017           16,574                 284        4.29 
Water                                 0.020             400                   8         0.12 
Sodium Hydroxide            0.500              60                     30      0.45 
CaCO3                               0.500            3,200           1,600            24.23 
Nutrients                            0.500            6,000           3,000            45.43 
S. mobaraensis starter       0.100             578                     58      0.88 
Bags         
Discrete Material   Unit Cost  Annual  
($/Entity)      
Amount (Entities) Annual Cost($)       % 
Bags 0.020           21,206               424    6.42 
 
 
The profitability analysis showed a revenue of 20,742 entities per year with a unit cost 54 $/entity. 
Considering a selling price of 80$/entity, it was predict a gross margin of 32% and a return on investment 
of 15.7%. 
 
4. Conclusions 
 The results obtained show that simulation tools are very useful for evaluate the industrial 
production of biotechnological food additives and that industrial production of transglutaminase by S.
mobaraensis from potato wastes can be a feasible alternative. 
 Nutrients, used in the fermentation of potato hydrolizates, have a high contribution to the overall 
raw material cost. Alternative ways to supplement the media of acid hydrolysates of potato are needed to 
optimize the process. 
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